1. Supplemental feeding can increase the overall health of animals but can also have varying 16 consequences for animals dealing with parasites. Furthermore, the mechanism mediating the 17 effect of food supplementation on host-parasite interactions remains poorly understood. 18 42
2. The goal of the study was to determine the effect of food supplementation on host defenses 19 against parasitic nest flies and whether host gut microbiota, which can affect immunity, might 20 mediate these relationships. In a fully crossed design, I experimentally manipulated the 21 abundance of parasitic nest flies (Protocalliphora sialia) and food availability across the 22 breeding season then characterized the gut microbiota, immune responses, and nest parasite 23 abundance of nestling eastern bluebirds (Sialia sialis). 24 3. Food supplemented birds had 75% fewer parasites than unsupplemented birds. Parasite 25 abundance decreased throughout the breeding season for unsupplemented birds but parasite 26 abundance did not change throughout the season for supplemented birds. Food supplementation 27 increased overall fledging success. Parasitism had a sublethal effects on blood loss but food 28 supplementation mitigated these effects by increasing parasite resistance via the nestling IgY 29 antibody response. 30 4. Food supplementation increased the gut bacterial diversity in nestlings, which was negatively 31 related to parasite abundance. Food supplementation also increased the relative abundance of 32 genera with known pathogenic bacteria, such as Clostridium spp., in nestlings, which was 33 positively related to their antibody response and negatively related to ectoparasite abundance. 34 5. Synthesis and applications. Overall, these results suggest that food supplementation increases 35 resistance to parasitism during the early life stage of the host, which could be mediated by the 36 effect of supplementation on the gut microbiota. Furthermore, food supplementation was most 37 effective at reducing parasite abundance early in the breeding season. Wildlife food 38 supplementation is a common pastime for humans worldwide and therefore it is important to 39 determine the consequences of this activity on animal health. Furthermore, supplemental feeding 40 could induce resistance to detrimental parasites (e.g. invasive parasites) in hosts when 41 management of the parasite is not immediately possible. 46 Environmental factors, such a food availability, can influence host-parasite interactions 47 increasing parasite load, offspring do not suffer a high cost of parasitism because they are able to 57 compensate for resources lost to the parasites. 58 Another condition-dependent defense mechanism is resistance, such as the immune 59 response, which reduces the damage that parasites cause by reducing parasite fitness ( 159 Parasite abundance and food availability were experimentally manipulated for each nest 160 using a 2x2 factorial design. Boxes were checked once a week for nesting activity. Once eggs 161 appeared, nests were checked every other day until nestlings hatched. When eggs were incubated 162 for 10 days, mealworm feeders were placed 10 m from the nest box ( Fig. S1) , with the intention 163 that the feeder would only provide food to the birds from this focal nest. The feeders were 164 constructed from pine wood (2.54 cm by 10.16 cm) and the basin for the mealworms was an χ 2 = 6.78, df = 1, P = 0.009), with sham-fumigated nests having higher 289 fledging success than fumigated nests and supplemented nests having higher fledging success 290 than unsupplemented nests (Fig. 1C) . However, the interaction between parasite and food 291 treatment did not affect fledging success (χ 2 = 2.35, df = 1, P = 0.13). The relationship between 292 fledging success and parasite abundance did not differ across food treatments (i.e. tolerance to 293 parasitism did not differ; χ 2 = 0.10, df = 1, P = 0.75) ( Fig. 1D) . 294 Parasite treatment, food treatment, and the interaction between the two factors did not 295 significantly affect bill length (Table 1) (Table 1) . Parasite treatment and the interaction between parasite and food treatment 302 did not affect body mass and first primary feather length (Table 1) (Table 1) . These results were likely because hemoglobin levels were negatively related 312 to parasite abundance across parasite treatments (χ 2 = 9.78, df = 1, P = 0.002). The interaction 313 between parasite and food treatment did not affect hemoglobin levels (χ 2 = 0.99, df = 1, P = 314 0.32). Parasite treatment, food treatment, and the interaction between the two factors did not 315 affect glucose levels (Table 1) 320 Food treatment affected nestling antibody levels (GLMM, χ 2 = 3.96, df = 1, P = 0.04; 321 supplemented, n = 9: 0.53 ± 0.15, unsupplemented, n = 11: 0.24 ± 0.07) with supplemented 322 nestlings having higher antibody levels than unsupplemented nestlings within the sham-323 fumigated treatment ( Fig. 2A) . Mean nestling antibody levels within a nest were negatively 324 related to parasite abundance (GLM, χ 2 = 5.86, df = 1, P = 0.02) (Fig. 2B) . Food treatment did 325 not affect haptoglobin levels (GLM, Bacterial community structure and membership differed between the parasitized nestlings 332 and mealworms, but did not differ between food treatments for the nestlings (Fig. 3A and B ) 333 (PERMANOVA, structure: F 2,16 = 2.15, P = 0.002, membership: F 2,16 = 2.09, P = 0.001). 334 Supplemented nestlings had higher bacterial diversity (sobs) compared to unsupplemented 335 nestlings, but this difference was not significant for sobs (GLMM, χ 2 = 3.07, df = 1, P = 0.08) 336 (Fig. 4A ). Bacterial diversity (sobs) was negatively related to parasite abundance (GLMM, χ 2 = 337 4.18, df = 1, P = 0.04) (Fig. 4C ), but not significantly related to antibody levels (GLM, χ 2 = 338 0.85, df = 1, P = 0.36) (Fig. 4B) . Food treatment did not significantly affect the Shannon 339 (GLMM, phyla Proteobacteria (28.24%), Actinobacteria (28.05%), Firmicutes (21.91%), Bacteroidetes 351 (8.07%), Cyanobacteria (6.14%), Planctomycetes (1.47%), and Saccharibacteria (1.04%). 352 Several bacterial genera differed between the nestlings and mealworms (see Table S1 ). 353 Genera with known pathogenic bacterial species were then compared specifically between 354 supplemented and unsupplemented birds. Campylobacter spp., Listeria spp., Mycobacteria spp., 355 Pasteurella spp., Salmonella spp., and Vibrios spp. were not found in the feces of nestlings. 356 Food treatment did not affect relative abundances of Enterococcus spp., Escherichia spp., 357 Lactobacillus spp., Staphylococcus spp., and Streptococcus spp., Supplemented birds had higher 358 relative abundances of genus Clostridium (Fig. 4D) 365 The study showed that parasitism did not affect fledging success but did lower body 366 mass, feather growth, and hemoglobin levels. However, food supplementation combatted these 367 sublethal effects of parasitism. Furthermore, food supplementation increased nestling resistance 368 to parasitic nest flies. These extra food resources increased the nestling antibody response in 369 parasitized nestlings, which decreased parasite abundance. Supplementation also increased gut 370 bacterial diversity in parasitized nestlings, which was negatively related to parasite abundance, 371 but not the antibody response. However, specifically, supplementation increased the relative 372 abundance of genus Clostridium spp., which was positively related to the antibody response and 373 negatively related to parasite abundance. The mealworms had a distinct bacterial community 374 from the birds, which suggests that the nutritional composition of the mealworms influenced the 375 gut microbiota of the birds. Overall, these results suggest that food supplementation facilitates an 376 increase in gut Clostridium spp., which potentially primes the non-specific antibody response in Birds that were supplemented with food were more resistant to parasites than birds that were not 708 supplemented (A). Parasite abundance decreased throughout the breeding season in the 709 unsupplemented treatment but not the supplemented treatment (B). Parasitism did not affect 710 fledging success but supplemented birds had marginally higher fledging success than 711 unsupplemented bird (C). Within the parasitized treatment, birds from each treatment were 712 tolerant to their respective parasite abundances (D). 
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